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1 Introduction
WF[1] was approved in the last RAN4 meeting, the left issue on phase continuity across repetition can be summarized as:

· Non-zero un-scheduled gap 

· Non-zero gap with other uplink transmissions
· TA adjustment impact

Meanwhile, RAN1 sent LS[2] to RAN4 on maximum duration to maintain phase continuity.
This paper provides further analysis on phase continuity for multiple transmissions, and draft reply LS to RAN1. 
2 Discussion
2.1 Non-zero unscheduled gap
For case that non-zero unscheduled gap in-between repetitions, the agreement and left issues are captured in the WF:
	· To maintain phase continuity and power consistency across the PUSCH transmissions or PUCCH repetitions, the value of un-scheduled symbols in-between the repetitions up to 13OS is feasible (with some TBD phase tolerance):

· Whether maximum X can be 14OS or 1ms for different SCS FFS 

· Further study if new RF requirements for UE during the gap are needed

· For transmit power on the gap symbols that less than or equal to 1ms, RAN4 down select solution from following options:

· Option 1: define new transmit off power for gap symbols less than or equal to 1ms explicitly for Rel-17 coverage enhancement case 

· Option 2: RAN4 do not introduce new transmit off power

· Option 3: The existing OFF power requirement apply to the un-scheduled gap


For maximum duration X of the gap, we have discussed it relates to power consumption since some RF components should keep open to maintain the phase continuity. It actually also relates to UE controlling on whether UE needs to open or close the RF chain for each processing period, more specifically, may be only some parts of the RF chain. If too much gap slots is allowed be in-between the repetitions, it will add implementation complexity to UE. If we use 1ms, it means more than 1 slot for >15kHz SCS would be there, so we prefer to use the number of OFDM symbol for all SCS other than use time length. 14OS gap could be reached from implementation perspective, however it still depends on the time window decided in RAN1 to have the JCE. 

For un-scheduled OS, UE could keep Tx chain open, it means some RF components may not switch off, then phase continuity can be maintained. If off power need to be met on the un-scheduled OS, UE need to turn off some of the RF components to ensure the output power is below -50dBm. It means, there would be on-off and off-on transitions on the unscheduled symbols. During the transient time, off power cannot be met, and this what we define for Rel-15 and Rel-16 NR. The mask can be seen in Fig 1:
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Fig 1. On-off and off-on transients to ensure transmit off power
During the on-off and off-on transients, off power may not met by the UE. This is also allowed by Rel-15/16 NR. For 15/30kHz SCS, 1OS gap length ~70/35us is enough for the transients(10us+10us). But for 60kHz SCS, 1OS length ~17us is less than 20us. Then we have 2 choices:

· For 60kHz SCS, if the unscheduled gap is less than 2OS, then off power if not required during the gap.

· Or for 60kHz SCS, the unscheduled gap should be at least 2OS.

Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Proposal 1: For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when:

· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.

· The repetitions meet the conditions to maintain the phase continuity, i.e. Modulation order does not change, RB allocation in terms of length and frequency position should not be changed, No change on transmission power level.
Proposal 2: define time mask requirement for the un-scheduled OS in-between repetitions case.
Proposal 3: The maximum length of non-zero un-scheduled gap could be 14OS for all SCS. 

Proposal 4: For 60kHz SCS, we provide solutions to solve off-power requirement:

Option 1: the minimum length of non-zero un-scheduled gap is 2OS
Option 2: off power requirement is not required during the unscheduled gap

· If option 2 is selected, whether to define a new transmit power requirement during the gap FFS.

In current TS 38.101, transmit off power is defined as the mean power in a duration of at least 1ms excluding transients. For un-scheduled symbols that is less than 1ms, there seems no exact off power requirement definition currently. 
For <1ms off power requirement specifically for CE topic, we think there are 2 options. 1 option is to define a relaxed off power requirement considering the measurement time is shorter. The definition for the <1ms new off power requirement is proposed as: -50dBm-10log(X/1ms)
Proposal 5: We provide 2 options for this <1ms transmit off power clarification:

Option 1: RAN4 do nothing on this issue, transmit off power is only measured with at least 1ms duration.

Option 2: Define additional off power requirement for <1ms duration case, the definition is -50dBm-10log(X/1ms)
2.2 TA adjustment impact

For TA adjustment impact, the discussion status is captured in the WF:
	For RAN1 Question 1 on TPMI change and Question 2 on TA impact: there are transmission timing errors associated with TA adjustment and UE uplink timing autonomous adjustments. Transmission timing errors cause the phase change.  
· For network commanded TA adjustments:

· It is known by both gNB side and UE side.

· FFS how to handle the transmission timing error in TA inaccuracy.

· For UE autonomous adjustments:

·  FFS whether the autonomous adjustments can be handled by UE or BS and how to handle. 


For network commanded TA adjustment, although it is known by both gNB and UE side, it is not easy to request UE or gNB to compensate this phase offset. We usually not define gNB behaviour in the spec, and it is possible that UE can not support TA caused phase compensation. Furthermore, TE inaccuracy will introduce additional phase offset even compensation is done. So it is proposed to reply RAN1 that it is not expected to have network commanded TA adjusting within the JCE ‘time window’.
For UE autonomous adjustments, it belongs to UE implementation. Even in TS 38.133, only the max adjustment and speed is defined, but how UE adjust the autonomous adjustment is still up to implementation. Considering RAN4 is still discussing on the phase tolerance, we think the phase offset caused by autonomous adjustments could be considered as one part of phase tolerance. 

Proposal 6: RAN4 reply RAN1 LS on TA adjustment issue: it is not expected to have network commanded TA adjusting within the JCE ‘time window’.
For UE autonomous adjustments, leave it to implementation within certain level phase tolerance.
2.3 DL slot(s) in between repetition

There are 2 cases for DL slot(s) in between repetition:

Case 1: downlink reception in-between the PUSCH or PUCCH repetition refers to downlink symbols with actual DL transmission from gNB to UE
Case 2: downlink reception in-between the PUSCH or PUCCH repetition downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
For case 1, it is already clearly discussed in RAN4 #98-e meeting. When there is DL slot with actual reception between 2 UL transmissions, UE will turn off Tx chain to save power consumption and switch to Rx chain. It may introduce random phase shift after UL/DL switching, phase continuity cannot be ensured. 

For case 2, even there is no real DL service scheduled to the UE, it needs to switch Tx chain to Rx chain for monitoring in case there is DL loss. 
For there is no real DL service and no DL monitoring occasions configured, phase continuity can be maintained because UE could stay on Tx chain and keep the RF components on. However, in case UE can meet off power requirement on the DL slot(s) without real DL service and DL monitoring occasions configured, on-off and off-on time mask definition is needed.
Proposal 7: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition.
Proposal 8: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask definition is needed. 
2.4 Reply to RAN1 LS

RAN1 questions are copied as below:

· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?

· What factors determine the maximum duration?

· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?

· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 

· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?

· Whether the maximum duration is band specific?

· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration

From UE Tx perspective, the phase offset could come from the frequency error across the ‘time window’ for JCE, how UE compensate for the CFO, phase variation from EVM/PN, and other random phase change across slots/transmissions from the RF components. 
For frequency error, if the ‘time window’ configured to UE for JCE is not too long, we could consider the phase offset is very slight which follows PLL operation physics. So, it relates to more on how long would be the ‘time window’ which highly relates to propagation channel. Furthermore, gNB use DMRS to evaluate on the phase offset including CFO on gNB and UE side, and doppler frequency for each uplink transmission, we could consider gNB could compensate the phase offset coming from the UE Tx frequency error. However, there is always some compensation leftover existed. So, we can focus on the compensation leftover for frequency error factor.
Observation 2: Frequency error impact on the phase continuity could be benefited from the compensation of gNB and ‘short stability’ of PLL physics. We can only focus on the gNB compensation leftover for frequency error factor.
For different modulation order, the EVM requirement specified in TS 38.101 are different. Signal with different Tx EVM may lead to some additional phase offset on each RE, which may cause slight phase variation if we consider the relative phase difference on some samples. However, it doesn’t mean the EVM has impact on JCE, because UE still can demodulate the signal with EVM. 
For Band factor, different operating frequency may cause the ‘compensation leftover for frequency error’ be different. And UE’s ability on different RF components to maintain the phase continuity could be different. So, Band factor has impact on MD.
Additionally, channel BW has impact on the accuracy of frequency offset evaluation, which is also considered as one related factor.

Proposal 9: The reply to question in RAN1 LS is drafted as below:

The determining factors on maximum duration to maintain power consistency and phase continuity under certain tolerance level are as follows:
· The compensation leftover for frequency error on gNB side across repetitions

· Modulation order may has impact on phase continuity, but the impact on JCE may need further evaluation
· Band dependent

· Channel Bandwidth
However, JCE is not only related to Maximum duration, but also the propagation channel, the conditions captured in the last LSs[3][4], and conditions RAN4 still discuss on, e.g. un-scheduled gap between repetitions.
3 Conclusion

In this contribution we discussed on the open issues on phase continuity for coverage enhancement, according to the analysis, we have the following proposals: 
Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.

Proposal 1: For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when:

•
On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.

•
The repetitions meet the conditions to maintain the phase continuity, i.e. Modulation order does not change, RB allocation in terms of length and frequency position should not be changed, No change on transmission power level.

Proposal 2: define time mask requirement for the un-scheduled OS in-between repetitions case.

Proposal 3: The maximum length of non-zero un-scheduled gap could be 14OS for all SCS. 

Proposal 4: For 60kHz SCS, we provide solutions to solve off-power requirement:

Option 1: the minimum length of non-zero un-scheduled gap is 2OS

Option 2: off power requirement is not required during the unscheduled gap

•
If option 2 is selected, whether to define a new transmit power requirement during the gap FFS.

Proposal 5: We provide 2 options for this <1ms transmit off power clarification:

Option 1: RAN4 do nothing on this issue, transmit off power is only measured with at least 1ms duration.

Option 2: Define additional off power requirement for <1ms duration case, the definition is -50dBm-10log(X/1ms)

Proposal 6: RAN4 reply RAN1 LS on TA adjustment issue: it is not expected to have network commanded TA adjusting within the JCE ‘time window’.

For UE autonomous adjustments, leave it to implementation within certain level phase tolerance.

Proposal 7: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition.

Proposal 8: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask definition is needed. 

Observation 2: Frequency error impact on the phase continuity could be benefited from the compensation of gNB and ‘short stability’ of PLL physics. We can only focus on the gNB compensation leftover for frequency error factor.

Proposal 9: The reply to question in RAN1 LS is drafted as below:

The determining factors on maximum duration to maintain power consistency and phase continuity under certain tolerance level are as follows:

•
The compensation leftover for frequency error on gNB side across repetitions

•
Modulation order may has impact on phase continuity, but the impact on JCE may need further evaluation

•
Band dependent

•
Channel Bandwidth

However, JCE is not only related to Maximum duration, but also the propagation channel, the conditions captured in the last LSs[3][4], and conditions RAN4 still discuss on, e.g. un-scheduled gap between repetitions.
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